An increased risk of arteriosclerosis has been noted in cancer survivors. Currently, there are only a few reports available that consider the risk of arteriosclerosis in patients treated with chemotherapy. Patients with an advanced stage B-cell malignant lymphoma are typically treated with a combination therapy of rituximab and cyclophosphamide, doxorubicin, vincristine, and prednisolone (R-CHOP). Complications such as diabetes mellitus (DM), hyperlipidemia (HL), and osteoporosis due to prednisolone and cardiotoxicity due to anthracyclines are well known. However, there are no studies that have investigated the link between R-CHOP therapy and arteriosclerosis. We discussed a patient with follicular lymphoma who was evaluated using cardio-ankle vascular index (CAVI) as an arterial stiffness parameter during R-CHOP therapy in this report. She achived complete remission after the eighth course therapy without complications such as hypertension (HT), HL, DM, and infection. This patient showed elevated CAVI with new plaque formation in the carotid arteries after the end of chemotherapy. These data indicate that R-CHOP therapy may progress the arteriosclerosis.
Introduction
The incidence of tumor-bearing patients has also increased from the prolongation of the average life expectancy, and likewise, the incidence of malignant lymphomas is also increasing. Recently, new molecular targeted drugs have greatly improved the prognosis of cancer patients including malignant lymphoma. With these new drug developments, the importance of systemic management including complications with chemotherapy has also increased.
Follicular lymphoma is a low-grade B-cell malignancy, and patients at an advanced stage are usually treated with rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisolone (R-CHOP) therapy [1, 2] . Diabetes mellitus (DM) [3] , hyperlipidemia (HL) [4] and osteoporosis [5] are well-known complications of R-CHOP treatment with large amount of steroids; moreover, cardiotoxicity by anthracyclines are also well known [6] .
An arterial stiffness parameter, the cardio-ankle vascular index (CAVI), was developed as a marker related to arteriosclerosis including that of the aorta, femoral and tibial artery [7] [8] [9] [10] . The principle of CAVI is based on the stiffness parameter β theory proposed by Hayashi et al [11] , and it is based on the variance of the arterial pressure that is required to change the vascular diameter. So, the CAVI theoretically does not depend on blood pressure changes during the measurements [7, 8] .
Up to now, there were no reports about evaluating the relationships between arteriosclerosis and R-CHOP therapy in the patients with malignant lymphoma. This is the first report evaluating CAVI during R-CHOP therapy in a patient with follicular lymphoma.
Case Report
A 68-year-old Japanese female with bilateral edema was admitted to the hospital in April 2015. Laboratory tests showed pancytopenia elevated levels of lactate dehydrogenase and interleukin-2 receptor and hypogammaglobulinemia as follows: white blood cell count 1,810/µL, hemoglobin 10.4 g/dL, platelet count 6. a large bulky mass around the abdominal aorta. Lymph node swelling of bilateral cervical, supraclavicular fossa, and inguinal regions, and splenomegaly were also observed. Invasion of malignant lymphoma was observed in the bone marrow (BM), and the percentage of BM lymphoma cells was 15.2%. Fluorodeoxyglucose-positron emission tomography (FDG-PET) also showed accumulation at the same site (Fig. 1a) . After the resection of inguinal lymph node swelling, the patient was diagnosed with follicular lymphoma grade 1, clinical stage IVA. Following admission, the patient was treated with R-CHOP therapy. Until November 2016, eight courses of therapy were completed until November 2016 without complications such as hypertension (HT), HL, DM, and infection. FDG-PET examination after the last chemotherapy cycle revealed complete remission (Fig. 1b) . The change in CAVI prior to treatment and immediately before the next chemotherapy cycle was also evaluated. As shown in Figure 2 , before the first treatment, the CAVI was 8.8 on the right and 8.9 on the left. After completing eight chemotherapy cycles, CAVI showed a marked elevation at 10.2 and 10.7, respectively. Approximately 3 months after the last chemotherapy cycle, CAVI decreased to 8.9 and 9.1, respectively.
In addition, intima-media thickness (IMT) and plaque formation in the internal carotid artery were measured during the treatment. After the eight R-CHOP cycles, new plaque formation was observed (Fig. 1c, d ) in the bilateral carotid artery without any increase in IMT.
Discussion
CAVI was developed as a marker related to arteriosclerosis, including that of the aorta, femoral, and tibial artery without dependence of blood pressure [7] [8] [9] . CAVI is based on the variance of the arterial pressure that is required to change the vascular diameter, and is extremely useful in clinical practices offering a simple and non-invasive method of measurement. As demonstrated by past clinical studies, CAVI was high in arteriosclerotic diseases such as coronary artery disease and cerebral infarction [8, 12] , and was also in majority of people with various coronary risk factors [13] . The efficient management of these risk factors reduced CAVI [14] .
Pulse wave velocity (PWV) is frequently applied in clinical practice as method for the measurement of arterial stiffness [15] . However, PWV is dependent on blood pressure at the In patients treated with chemotherapy, veins used as blood access, which are directly exposed to the therapeutic agent, show sclerotic changes. In our patient, CAVI as an evaluation of the arteriosclerosis increased as R-CHOP progressed, and then decreased after chemotherapy termination. However, the CAVI was higher than that prior to treatment.
Previous reports have demonstrated increased carotid IMT in patients with breast cancer treated with anthracycline-based chemotherapy [16] . Sekijima et al (2011) reported that platinum-based chemotherapy was associated with an increased brachial-ankle PWV in patients with gynecological malignancies. Furthermore, it was reported that cisplatin-induced vascular endothelial damage was identified using human umbilical vein endothelial cells in vitro [17] . Moreover, patients with testicular cancer who received chemotherapy showed progression of arteriosclerosis with increasing plasma levels of von Willebrand factor, plasminogen activator inhibitor and tissuetype plasminogen as endothelial markers, and also fibrinogen, C-reactive protein as inflammatory markers [18, 19] . These reports suggested that chemotherapy is a risk factor for the development of arteriosclerosis.
The mechanism of arteriosclerosis progression induced by chemotherapy, the reduction of nitric oxide from endothelial cells was reported apart from complications of metabolic diseases. Nitric oxide inhibits local inflammation, coagulation, and vascular smooth muscle cell proliferation [20, 21] . Hence, the loss of nitric oxide impairs these protective effects and contributes to the development of arteriosclerosis [17] . The patient discussed in this report did not show complications such as DM, HT, and HL during chemotherapy. However, an elevation of CAVI coupled with plaque formation was observed as chemotherapy progressed. The patient did not show an increase in IMT thickness. Naqvi et al reported that carotid plaque is a more powerful parameter to predict the risk of cardiovascular disease as a result of progress of arteriosclerosis compared with carotid IMT [22] .
Recently, CAVI was also examined in our few other patients with malignant lymphoma, revealing an elevation tendency with the progression of treatment (data not shown). However, it is difficult to identify the therapeutic agent responsible for this elevation. Long-term assessment in the more patients with malignant lymphoma is necessary to evaluate the relationship between chemotherapy and arteriosclerosis. These studies should include the evaluation of the carotid IMT, plaque formation, and the marker of vascular endothelial damage. This report discusses the first case with malignant lymphoma showed the elevated CAVI coupled with plaque formation after eight R-CHOP cycles. We thus suggest that R-CHOP therapy is a risk factor for the progression of arteriosclerosis in the patients with malignant lymphoma.
